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Fig. 2-2 X-ray diffraction pattern of 50Al2O3-50MgO substrate before 
experiment． 












































Table 2-1 Composition of electrolytic pure iron 
Composition 
/ ppm 
C S P Si Mn Cu Cl N O 
10 1 1 5 1 6 21 5 50 
 
 
① Thermocouple  ② Heater 
③ Argon gas inlet  ④ Camera 
⑤ Water-cooling cap  ⑥ Alumina Support 
⑦ Sponge titanium  ⑧ Specimen 
⑨ Alumina tube   
 
Fig. 2-4 Schematic diagram of experimental apparatus. 




































Table 2-2 Experimental condition between spinel substrate and Fe-C alloy. 
Condition No. Temperature (K) Holding time (min) 
MA1 1483 120 
MA2 1573 60 
MA3 1573 120 









Table 2-3 Experimental condition between SiC substrate and Fe-C alloy. 
Condition No. Temperature (K) Holding time (min) 
S1 1473-1673 100 
S2 1473 30 
S3 1473 0 
S4 1773 30 
19 
 












































































Fig. 2-6 SEM image of interface between Fe-C alloy and 



















Fig. 2-7 EDS analysis and composition of 50mol%Al2O3-50mol%MgO substrate 





Al2O3 72.9 51.5 







Al2O3 72.8 51.4 























Fig. 2-8 SEM image of interface between Fe-C alloy and 



















Fig. 2-9 EDS analysis of 50mol%Al2O3-50mol%MgO substrate obtained from 





Al2O3 72.9 51.5 







Al2O3 72.7 51.2 






















Fig. 2-10 SEM image of interface between Fe-C alloy and 50Al2O3-50MgO 



















Fig. 2-11 EDS analysis of 50mol%Al2O3-50MgOmol% substrate obtained from 





Al2O3 73.2 51.9 







Al2O3 73.0 51.6 


















Fig. 2-12 FE-EPMA analysis of 50mol%Al2O3-50mol%MgO substrate obtained 
from position (g) ,(h) and (i). (1773K, 60min) 
 
 
Table 2-4 Chemical composition of substrate from Fig.2-12. 
Element 
Analysis points and composition 
(g) Left (h) Middle (i) Right  
mass% mol% mass% mol% mass% mol% 
Al2O3 69.7 50.7 70.2 50.7 69.7 50.8 
MgO 26.5 48.8 26.9 49.0 26.5 48.9 



























































Fig. 2-13 Change of contact angle with time between Fe-C alloy and spinel 
substrate under each experimental condition, shown in Table 2-2. 
Fig. 2-14 Change of contact angle with time between Fe-C alloy and Al2O3 
substrate, and, between pure iron and spinel substrate. 
 









































Fig. 2-15 Effect of temperature on contact angle between molten Fe-C alloy and 
spinel substrate. 
 






Work of adhesion  
(J/m2)
Spinel/ Fe-4.3mass%C 99-103 1.736）37）38） 1.3-1.4
Alumina/Fe-4.3mass%C 107 1.736）37）38） 1.2 















θ ：Contact angle 






























































































Fig. 2-18 Photograph, SEM image and composition imege of specimen after 
experiment ④. 
1473K, 0min 1473K, 10min 
1473K, 60min 1523K, 30min 
1573K 1673K 
◄ interface 
(a) Photograph by optical microscope 
(c) Composition image 
Reaction 





























































Fig. 2-19 X-ray diffraction pattern of specimens after experiments ② and ④. 



















































Fig. 2-20 Composition analysis points in zone Ⅰ and zone Ⅱ of specimen after 
experiment ④. 
Table 2-6 Chemical composition of reaction products (experiment ④). 
Element 
Analysis points and composition (mass%) 
A B C D 
Fe 0.5 80.2 2.4 79.5 
Si 1.0 16.2 2.7 17.0 
C 75.1 2.6 62.1 2.6 
(a) Analysis points in zone I 


























































































































































Fig. 2-22 Composition image and C-Kα mapping of specimen after experiment 





(a) Composition image 






















































































Fig. 2-24 Composition image and C-Kα mapping of specimen after experiment 
③. 
 
(a) Composition image 









Fig. 2-25 Relationship between composition (Fe, Si and C) and maximum heating 











Fig. 2-26 Phase diagram of Fe-Si-C system at 1473K calculated by using 
Thermo-Calc. 


























































Reactivity zone I 
Fe    Si 
Reactivity zone II 
Fe    Si
(a) First step of reaction 
(b) Second step of reaction 
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論組成、すなわちモル比でAl2O3：MgO = 50：50（質量比でAl2O3：MgO = 72：28）のものと、


















































Table 3-1 Composition of Blast Furnace Slag 
Composition 
/ mass% 
CaO SiO2 Al2O3 MgO TiO2 FeO K2O MnO





































Table 3-2 Experimental condition of spinel , Al2O3 and SiC substrate. 
Condition No. Substrate Temperature (K) Holding time (min) 
AM1 50Al2O3-50MgO spinel 
1773 30 















































































Fig. 3-4 Cross Section of each substrate after experiment at 1773K for 30min. 
 
 





















Fig. 3-6 X-ray diffraction pattern of position (b) in 61Al2O3-39MgO 
substrate. 
 





















Fig. 3-7 EPMA analysis at surface of 50Al2O3-50MgO substrate in the case of 















Fig. 3-8 Compo image and EPMA analysis at surface of 50Al2O3-50MgO 
substrate in the case of experimental condition AM1. 
Substrate surface
SEM Compo Al 































Fig. 3-9 EPMA analysis at surface of 61Al2O3-39MgO substrate in the 













Fig. 3-10 Compo image and EPMA analysis at surface of 61Al2O3-39MgO 

















19MgO by mol%) 
100μm 
SEM Compo Al 






















Fig. 3-11 Compo image and EPMA analysis at surface of 61Al2O3-39MgO 



































Fig. 3-12 Compo image and EPMA analysis at surface of Al2O3 substrate in the 















(16CaO-80Al2O3-2SiO2-1MgO by mol%)  
A：Anorthite(2SiO2・CaO・Al2O3) 
48.8%SiO2-28.5%Al2O3-21.3%CaO-1.8%MgO 






(50CaO-20Al2O3-28SiO2-1MgO by mol%) 
Gr：Grossite(CaO・2Al2O3) 
 24.0%CaO-75.0%Al2O3-0.7%SiO2-0.3%MgO 









































Fig. 3-13 Composition analysis of 50Al2O3-50MgO substrate by FE-EPMA in the 
case of experimental condition AM1. 
Fig. 3-14 Composition analysis of 61Al2O3-39MgO substrate by FE-EPMA in the 













































































































Fig. 3-17 Photographs of SiC substrate with blast furnace Slag. 
 
 






































Fig.3-20 SEM image and Ti-Kα mapping of interface between blast furnace slag 
and SiC substrate. 




















































Fig.3-21 X-ray diffraction pattern of interface between slag and SiC substrate: 
(a) Slag side; (b) SiC substrate side. 










































Fig.3-22 SEM and COMPO images of interface between slag and SiC substrate:  
(a) SEM image; (b) COMPO image 
 
 

























Fig. 3-23 Spot analysis across the interlayer from position X to position Y  
in Fig. 3-22(b). 






















より計算した結果、ΔG は-55ｋJ at 1773K （ΔG = -58ｋJ at 1703K）で負の値となり、
TiCの生成が熱力学的にも考えられることが示唆された。 
  
1703Kat  58kJ   
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Fig. 3-24 EPMA analysis of interface between slag and SiC substrate.  












Fig. 3-25 SEM image and Fe-Kα mapping of interface between slag and SiC 
substrate.  
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Table 4-1 Composition of electrolytic pure iron 
Composition 
/ ppm 
C Si S O P N Mn 































































































Fig. 4-5 Relation between FeO, MgO or Al2O3 concentration and distance from 
































































Fig. 4-6 Relation between FeO, MgO or Al2O3 concentration and distance from 














































Distance from interface, / μm
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Fig. 4-7 Relation between oxygen concentration in iron and oxides content in 
substrate in 50Al2O3-50MgO substrate.
82 
 
Fig.4-8 Relation between oxygen concentration in iron and oxides 

































































Fig. 4-10 SEM Image of interface between iron and 61Al2O3-39MgO substrate. 
0.0300mass%O iron 














Fig. 4-11 EDS analysis of reaction products at interface.  
Fig. 4-12 Relation between oxygen concentration in iron and chemical 




























































 Distance from interface, /μm 
Fig. 4-13 Change with time of surface tension in the case of using iron specimen 

























































Fig. 4-14 Relation between molar ratio and distance from interface of 
50Al2O3-50MgO substrate. 
 
Fig. 4-15 Relation between molar ratio and distance from interface of 
61Al2O3-39MgO substrate. 












































Distance from interface, / μm




















エネルギー変化、R は気体定数、T は絶対温度、ｆoおよびaoは、鉄中酸素の活量係数と活量、 
[mass%O]は、鉄中酸素濃度、aFeOは、FeO活量、γFeOは、FeOの活量係数、NFeOは、溶鉄と反応
後の基板界面近傍におけるFeO濃度のモル分率である。式(5)のFeO活量は液体基準であるの
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Table 5-1 Chemical composition of mortar 




Al2O3 82 2 2 94 2 72 
MｇO     92 22 
MgAl2O4  92     
SiC 10  92    
C 5 3 3 3 3 3 
SiO2 2 2 2 2 2 2 
 




CaO SiO2 Al2O3 MgO 



















































ル中のSiC量（mass%）をJIS R 2011 に準じて測定した。乾燥および還元雰囲気において焼
成後のモルタル中のSiC量を測定し以下の式からSiC減少率を算出した。 





































Fig. 5-5 Corrosion rate of Al2O3-SiC-C mortar, MgO mortar and SiC mortar of 









































































































2C + O2 = 2CO(g) ・・・・・・・・・・・・・・・・(1) 
 SiCはこのCOガスによって（2）、（3）式によって酸化され同時にカーボンを析出する。 
SiC(s) + CO(g) = SiO(g) + 2C(s) ・・・・・・・・・(2) 



























Fig. 5-6 Relation between corrosion rate and addition amount of TiO2. 


































































































   
Addition amount of TiO2 ／mass%
104 
 















Fig. 5-10 SEM images and Ti-Kα mapping of SiC-TiO2 mortar. 























































Fig. 5-13 Life index of hot metal ladle. 
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50（質量比でAl2O3：MgO = 72：28）のものと、 モル比でAl2O3：MgO ＝ 61：39（質量比でAl2O3：
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